The structural effects of chemical modifications upon the affinity of purine nucleosides to cytidine-transport system in Bacillus subtilis were investigated using a series of modified derivatives. The interaction involves protein molecule(s) which require the presence and proper orientation of the sugar residue and its hydroxylic functions. Moreover, a specific interaction with the heterocyclic ring system is involved in the process which results in a requirement for an aromatic 9C -electron system and an absence of a polarizable function at position 6 of the purine heterocycle. The region in the protein responsible for the latter interaction is rather limited and, consequently, a proper nucleoside conformation is required.
INTRODUCTION
In our preceding paper it was demonstrated that the transport of cytidine in B. subtilis is an active process which is shared at least with uridine. The uptake takes place with a participation of a system which possesses affinity to a wide variety of nucieosides and 2-deoxynucleosides including purine derivatives. However, a striking difference was observed between adenosine and guanosine, the former of which has a high affinity to the cytidine-uptake system whereas the latter does not show any inhibitory effect at all. The present study deals with the effects of structural changes of purine nucleosides upon the affinity to the cytidine-and uridine-transporting system.
MATERIALS AND METHODS
Bacteria; Bacillus subtilis SMYW was used in all experiments described.
Chemicals: Adenosine, 2-deoxyadenosine and guanosine were purchased from Calbiochem, Cytidine, xanthosine, 6-tnioinosine and 6-thioguanosine from Lachema, purine riboside, 6-methylaminopurine riboside, 6-hydroxyaminopurine riboside, 6-methylmercaptopurine riboside, 8-mercaptoadenosine, 8-bromoadenosine, 8-mercaptoguanosine rrom ffaldhof (FRG) and inosine from Fluka. H-cytidine was supplied by the Institute for Research, Production and Application of Radioisotopes (Czechoslovakia). The other compounds were prepared by procedures referred to in Table 1 .
Measurement of the uptake velocities: The effects of nucleosides were examined as an influence on the initial rate of cytidine-uptake in bacterial suspension. H-cytidine was used in concentrations 2.0 and 8.0>uM, the specific activity was 100 AiCi/ Aimole. The concentrations of compounds tested were 10, 100 and 1000/uM. The transport-experiment techniques were the same as described in our preceding paper . The uptake of cytidine approached the steady state within 4-6 min and the time dependance was linear during the first minute. Therefore, the estimated total radioactivity of cells after 60 sec of incubation with labelled substrate was considered to be a reliable measure of the initial rate of uptake. RESULTS a) In a screening study with a number of purine derivatives, nebularine (purine riboside) displayed the same affinity to the cytidine-uptake system as adenosine. This means that no substitution on the purine ring is necessary for the nucleoside to acquire the inhibitory activity. In turn, the amino group (either free or substituted) at position 6 does not disturb the affinity (Tab.l). The methylmercapto group at position 6 (which also preserves fully aromatized purine system) is acceptable as well. However, the affinity decreased markedly when keto or thio group was introduced to the same position. These compounds exist predominantly in keto form with only partially aromatized ring.
b) The substitution at position 2 also affects the cytidine--uptake system. Generally, a slight decrease of uptake was caused by both amino and hydroxy group. Effects of both the keto or thio group at position 6 and the amino or hydroxy Table 1 The effect of purine nucleosides upon the cytidine-uptake in B. subtilis Nucleoside Inhibitory activity a 6-Substituted purine ribonucleosides purine riboside +++ 6-aminopurine riboside (adenosine) +++ 6-methylaminopurine riboside +++ 6-dimethylaminopurine riboside ++ 6-methoxypurine riboside +++ 6-hydroxyaminopurine riboside +++ 6-furfurylaminopurine riboside +++ 6-methylmercaptopurine riboside +++ 6-hydroxypurine riboside (inosine) + 6-mercaptopurine riboside (thioinosine) +(+) 2-and 2,6-substituted purine ribonucleosides 2-aminopurine riboside ++ 2,6-diaminopurine riboside ++ 2-hydroxy-6-aminopurine riboside (isoguanosine) ++ 2-amino-6-hydroxypurine riboside (guanosine) 2,6-dihydroxypurine riboside (xanthosine) 2-amino-6-mercaptopurine riboside (thioguanosine) + 8-substituted purine ribonucleosides 8-bromoadenosine It is interesting that none of the above findings on structural requirements of cytidine-transport system in B. subtilis is at variance with the conclusions on the requirements of E* coli nucleoside transporting system as described elsewhere on the ground of different experimental technique .
